This editorial introduces a special issue for the Robotics: Science and Systems (RSS) conference in 2018. RSS 2018 took place on the campus of Carnegie Mellon University in Pittsburgh, PA, USA, from June 26 to 30 and showcased 71 original papers. This special issue presents a selection of 11 articles expanded and improved by the authors from their original form presented at the conference. These articles cover a wide range of core robotics problems, including tool manipulation and grasping, human-robot interaction, imitation learning, motion planning and trajectory optimization, inertial attitude estimation, and compact map representation, with applications to a variety of state-of-the-art robot platforms.
One of the largest categories of papers focuses on grasping and manipulation. The article ''Planar in-hand manipulation via motion cones'' by Chavan-Dafle et al. presents an interesting and practically relevant extension of the classical work on motion cones by Mason (1986) . A motion cone captures the set of feasible motions that a rigid body can undergo as a result of a frictional push. The authors generalize this notion to situations where external forces (e.g., gravity) besides friction influence the pushing dynamics. This construction enables hundred-fold speed improvements for planning complex in-hand manipulation behaviors, including multi-push sequences and pushing against other objects in the environment to adjust the pose of the manipulated object.
In their article ''Learning robust, real-time, reactive robotic grasping,'' Morrison et al. introduce a novel and lightweight generative convolutional neural network model for real-time prediction of grasp quality from images in online robot grasp planning applications. The proposed architecture extends the current state-of-the-art systems by avoiding grasp sampling, leading to significantly improved computation time and enabling multi-view grasp prediction, improving success rates in scenes with many visual occlusions. By providing gripper-agnostic measurements, the authors demonstrate transferability of the approach from simulation to different physical robot arms with repeatable performance.
The article ''Learning task-oriented grasping for tool manipulation from simulated self-supervision'' is one of the first papers to use deep learning for task-oriented grasping. While other methods have focused on general (taskagnostic) grasping, the proposed approach jointly optimizes both task-oriented grasping and a tool manipulation policy.
The approach is trained using a physics simulator in a selfsupervised manner. Experiments show strong results in two tool-based manipulation tasks: sweeping and hammering.
A second prominent theme in this issue is human-robot interaction. The article ''INGRESS: Interactive visual grounding of referring expressions'' presents a new natural language approach for instructing a robot to pick and place objects. A neural network language grounding model is proposed to relate human expressions to the objects in the robot's view using unconstrained object categories. The approach may also request explanations from the human to disambiguate groundings using a partially observable Markov decision process. Experiments in simulation and in hardware with humans show that the approach performs well and can disambiguate with few questions.
The article ''Multi-task trust transfer for human-robot interaction'' by Soh et al. explores how human trust of a robot's capabilities transfers across tasks. A human-subject study is presented for two tasks: a mobile manipulator performing household tasks and autonomous driving simulation. Computational models of trust are proposed including a Bayesian (Gaussian Process) model, a recurrent neural network model, and a hybrid approach that combines the two models. Experiments show that the methods outperform previous work and are successful at predicting trust in new tasks.
Fridovich-Keil et al. consider autonomous navigation in the presence of moving agents, such as humans, in the article ''Confidence-aware motion prediction for real-time collision avoidance.'' As an exogenous agent can always move unexpectedly, predictive models cannot be trusted blindly. A major challenge tackled by this work is the quantification of confidence in such motion models based on streaming onboard observations. The authors demonstrate that an autonomous quadrotor can achieve safe flight, around an unsuspecting pedestrian, by relying on the distribution of a human motion model to select and track flight trajectories that are collision-free with high probability.
Continuing the theme of planning and trajectory optimization, Solovey and Kleinbort's article, ''The critical radius in sampling-based motion planning,'' offers exciting new theoretical results in sampling-based motion planning. The authors analyze how the size of the connection radius in building random trees and graphs affects the trade-off between sparsity and asymptotic optimality. Interestingly, the analysis shows that random samples need to be connected only to a constant number of neighbors (independent of how many samples are obtained), which is in stark contrast with prior results requiring connections to a logarithmic (in the number of samples) number of neighbors. This analysis enables an explicit lower bound on the probability of finding a near-optimal path, allowing asymptotically near-optimal planning over sparse trees and graphs.
''Imitation learning for agile autonomous driving'' by Pan et al. presents an end-to-end training approach for neural network control in autonomous driving. Model predictive control is used in conjunction with a probabilistic dynamics vehicle model and trajectory optimization to provide expert guidance for training the neural network controller. Experiments in a high-speed off-road driving task using a monocular camera and wheel speed sensors show that the proposed online imitation learning approach outperforms batch imitation learning.
The article ''Trajectory optimization on manifolds with applications to quadrotor systems'' by Watterson et al. describes a novel method for trajectory optimization on manifolds that does not require projection back on the manifold after optimization. The method can account for obstacles and field-of-view constraints, as demonstrated in a visual navigation task in SO(3) and a set of quadrotors in SE(3). Quadrotor hardware experiments are provided for various environments, showcasing the versatility of the proposed approach.
The remaining two articles focus on orientation estimation, localization, and map reconstruction. Spielvogel and Whitcomb's article, ''Adaptive bias and attitude observer on the special orthogonal group for true-North gyrocompass systems: Theory and preliminary results,'' proposes bias and attitude observer design for true-North gyro-accelerometer-compass systems. The authors use a fiber-optic gyroscope to achieve orientation estimates that are comparable in accuracy with current state-of-the-art commercial inertial navigation systems costing many times more. Technically, the main contribution is the development of a pair of observers, one estimating the accelerometer and gyro biases along with the ''East'' direction and a second one estimating absolute orientation directly on the SO(3) manifold. These techniques enable the implementation of low-size, -weight, -power, and -cost gyrocompassing systems on small robotic platforms, such as autonomous underwater vehicles, significantly expanding their capabilities.
Finally, ''SegMap: Segment-based mapping and localization using data-driven descriptors,'' by Dubé et al., proposes an efficient data-driven descriptor for point-cloud data that can be used for global sensor localization and map reconstruction. The descriptor is parameterized as the bottleneck layer of an autoencoder, trained to reconstruct point-cloud segments and classify object instances, and is sufficiently lightweight to be used on small mobile platforms. SegMap, the model maintaining the segment descriptors, shows impressive performance in multiple tasks, including global localization, SLAM in combination with local lidar odometry, compact map reconstruction on the KITTI dataset, and several other challenging indoor and outdoor environments.
In closing, we would like to thank the organizers of RSS 2018 and the IJRR staff for giving us the opportunity to prepare this special issue. We also thank all reviewers for their tremendous help in maintaining the high standards of IJRR and all authors for their patience in editing and improving the articles. We hope that you will enjoy and learn from this broad selection of outstanding articles. If you like what you see, we encourage you to read the sibling special issues in Autonomous Robots and the IEEE Transactions on Robotics and hope to see your publications in the upcoming RSS conferences and IJRR issues.
